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Summary Epilepsy with continuous spike- and -waves during slow-wave sleep and
Landau—Kleffner syndrome are two rare childhood epilepsy syndromes. The under-
lying pathophysiology remains unknown. The current opinions about epidemiologic
risk factors, genetic predisposition, EEG and MEG findings, influence of anti-epileptic
drugs, neuroradiology, positron emission tomopgraphy, evoked potentials, auto-
immunity and subpial transection are summarized.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Abbreviations: BAEP, brainstem auditory evoked potential;
BCECTS, benign childhood epilepsy with centrotemporal spikes;
CNS, central nervous system; CSF, cerebrospinal fluid; CSWS,
epilepsy with continuous spike-and-waves during slow-wave
sleep; EEG, electroencephalography; ESES, electrical status epi-
lepticus during slow sleep; IgG, immunoglobulin G; IgM, immu-
noglobulin M; ILAE, International League Against Epilepsy; LKS,
Landau—Kleffner syndrome; MEG, magnetoencephalography;
MRI, magnetic resonance imaging; PA, paroxysmal activity;
PET, positron emission tomography; REM, rapid eye movement;
SW, spike-and-wave
* Corresponding author at: PO Box 61, 5590 AB Heeze,
The Netherlands.
E-mail address: NieuwenhuisL@Kempenhaeghe.nl
(L. Nieuwenhuis).
1 Both authors contributed equally to the manuscript.
1059-1311/$ — see front matter # 2006 British Epilepsy Association
doi:10.1016/j.seizure.2006.02.008Introduction
Cognitive and behavioral disturbances are common
in children with epilepsy. These problems can be
present independently of the state of seizure con-
trol. For example in benign childhood epilepsy with
centrotemporal spikes (BCECTS), the most frequent
partial epilepsy syndrome in childhood, learning
difficulties sometimes do occur in children who have
been seizure free for a long time. In the epileptic
encephalopathies the deterioration of cognitive,
sensorial, and/or motor functions predominate
the clinical symptoms. In the 2001 International
League Against Epilepsy (ILAE) commission report. Published by Elsevier Ltd. All rights reserved.
250 L. Nieuwenhuis, J. Nicolaion epileptic seizures and epilepsy,1 Landau—Kleffner
syndrome (LKS) and epilepsy with continuous spike-
and-waves during slow-wave sleep (CSWS) are con-
sidered part of the epileptic encephalopathies in
which theepileptiformabnormalitiesmay contribute
to progressive dysfunction. In recent years, many
excellent reviews on CSWS or LKS mainly focused
on clinical characteristics, electroencephalography
(EEG), treatment, and prognosis have been pub-
lished.2—10 In this article we have tried to summarize
the facts andopinions on themechanisms of cognitive
and behavioral impairment in LKS and CSWS.
Epileptic encephalopathies: CSWS and LKS
CSWS and LKS are two rare childhood epileptic
syndromes. In the 1989 International Classification
of Epilepsies,11 both are included in the group of
epileptic syndromes whose focal or generalized ori-
gin remains undetermined. In the recent ILAE com-
mission proposal on epileptic seizures and epilepsy,1
LKS and CSWS are considered part of the ‘epileptic
encephalopathies (in which the epileptiform
abnormalities may contribute to progressive dys-
function)’. It is frequently suggested that these
two syndromes are different clinical expressions
of the same pathological entity because both are
age-dependent and characterized by the association
of seizures, abnormal paroxysmal EEG discharges
activated by sleep, and neuropsychological deficits.
Whereas the seizures are often easily controlled and
the electroencephalographic epileptiform activity
most often remits before adulthood, the prognosis is
frequently poor because of the associated neurop-
sychological disorders.12
CSWS is defined by2:1. Epilepsy, with focal and apparently generalized
seizures (unilateral or bilateral clonic seizures,
tonic-clonic seizures, absences, partial motor
seizures, complex partial seizures or epileptic
falls).2. Neuropsychological impairment: global or selec-
tive regression of cognitive functions (excluding
the acquired aphasia).3. Motor impairment: ataxia, dyspraxia, dystonia or
unilateral deficit.4. Typical EEG findings, with the pattern of diffuse
SW (more or less unilateral or focal) occurring
during more than 85% of slow sleep and persisting
on three or more recordings over a period of at
least 1 month.
LKS is defined by2:The Landau—Kleffner syndrome is an acquired
childhood aphasia, characterized by paroxysmal
EEG abnormalities (mainly temporal), epileptic
seizures that are usually ‘benign’ and self-lim-
ited, a regression or stabilisation of the disease
after a variable time, without demonstrable focal
brain lesions.
CSWS is a rare, age-related and self-limited
disorder. Different series have been reported and
suggest that CSWS accounts for approximately
0.2—0.5% of all childhood epilepsies.5,13,14 One
study suggests a slight male preponderance (63%
versus 37%).15
The syndrome of Landau—Kleffner is named after
William Landau and Frank Kleffner who reported six
children in 1957.16 The Landau—Kleffner syndrome
is a childhood aphasia that occurs in previously
normal children who have already developed age-
appropriate speech.2 Hirsch et al.17 proposed that
the eponym ‘Landau—Kleffner syndrome’ should be
extended to the acquired deterioration of any cor-
tical function that occurs in a child in association
with EEG paroxysmal abnormalities that increase
during sleep and with epilepsy of favourable prog-
nosis. More than 300 cases have been described.18
Also in LKS there is a slight male predominance.15
The clinical features of CSWS and LKS are summar-
ized in Table 1.
Epileptic seizures in CSWS and LKS
Epileptic seizures are the first symptom in about 80%
of the children with CSWS. Neuropsychological dis-
turbances are the first symptom in about 20%. The
first seizures occur between the ages of 2 months
and 12 years, with a peak at 4—5 years. In 40% of
the cases the first seizure is a unilateral seizure,
often a hemiclonic status epilepticus. In the other
cases seizures are partial motor, clonic, generalized
tonic-clonic or complex partial. The first seizure
often occurs during sleep.19
In LKS, seizures occur in about 70—80% of the
patients. In 20—30%, seizures never occur. Seizures
are usually infrequent, appearoftenduring thenight,
and can be clinically heterogeneous. Reports of
complex partial seizures are rare and tonic seizures
have never been observed. Commonly, seizures are
easily controlled by medication. After some time
the interictal epileptic activity usually remits and
these children are not epileptic as adults.2,20
Electroencephalographic findings
CSWS is a clinical syndrome characterized by sei-
zures, cognitive deterioration and ESES. ESES is
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Table 1 Clinical characteristics CSWS and LKS2—5,7,13
CSWS LKS
Incidence 0.2—0.5% of childhood epilepsies Rare
Age of onset, peak 4—5 years 5—7 years
Age of onset, range 2 months—12 years 1—12 years
Personal history 40% 3%
Family history of epilepsy
(including febrile seizures)
15% 3—12%
Initial symptoms Seizures in 80% Seizures in 60%
Neuropsychological disturbances in 20% Aphasia in 40%
Seizures Majority; only a few children without seizures In 70—80%
Characteristics Frequent: numerous seizures a day Infrequent
Often nocturnal Often nocturnal
Type of seizures Generalized tonic-clonic Generalized clonic
Simple partial motor Simple partial motor
Absences or atypical absences Atypical absences
Unilateral status Unilateral status
Atonic seizures leading to falls No atonic seizures
Subtle seizures (motor or sensory)defined as severe SW activity during sleep with a SW
index of 85—100%, calculated during all night sleep
EEG recordings.21 One should realize that the pro-
portion of more than 85% was set as an assumption,
not as the result of scientific work.22 This typical
EEG pattern occurs during the night as soon as the
patient falls asleep (Table 2). There is evidence thatTable 2 EEG characteristics CSWS and LKS2,5,6
CSWS
Awake
Background activity Usually norm
Generalized SWs Frequent
Isolated or bu
Focal epileptiform activity Focal or mult
Slow spikes
Focus Mainly fronto
or frontocent
Non-REM
Continuous b
and diffuse S
SW-index >85
REM
No increment
compared to
a In a study of 16 patients with CSWS, Saltik et al. found focal slow
wake an non-REM sleep in 25% of the patients but none of the con
b A SW index 50—85% has also been used for the diagnosis of ESE
c In contrast to CSWS a persistence and even further increment of
observed in some patients with LKS (Tassinari et al.2; Rossi et al.26children with a SW index below 85% also have
impairment in their cognitive functions similar to
patients with CSWS.23,24
Also in LKS, sleep onset has a remarkable activat-
ing effect on epileptic abnormalities and causes an
increase in discharge rate and a wider spread of the
paroxysmal activities (Table 2). At some time duringLKS
al a Usually normal
Rare
rsts
ifocal >multiple foci
High amplitude repetitive
spikes and SWs
temporal
ral
>50% posterotemporal
>30% parieto-occipital
ilateral
Ws
Activating effect
Focal or generalized
%b ESES in less than 50%
of the children
of PA
awake
Increment of PA compared
to non-REM sleep is possiblec
ing at the site of the predominant epileptogenic focus both in
trols28.
S by some authors (Billard et al.24).
the paroxysmal epileptic discharges during REM sleep has been
,32; Genton et al.25).
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ESES.2,5 At variance with CSWS a persistence and
even further increment of the paroxysmal epileptic
discharges during REM sleep has been observed in
some patients with LKS.2,25,26
Cognitive and behavioral impairment in
CSWS and LKS
Most of the children with CSWS have normal neu-
ropsychological and motor functions prior to the
onset of ESES. According to the CSWS definition,
all patients experience a decline in intellectual
performances during the ESES period. All cognitive
functions can be impaired. Behavioral changes
occur and, rarely, psychotic changes have been
described as well.6,27
In children with LKS, after a period of normal
speech development there is a progressive loss of
receptive and later expressive language. The most
frequently reported form of language disorder in
LKS is verbal agnosia. This implies the failure to give
a semantic significance to the different sounds. A
receptive aphasia and a rapid reduction of sponta-
neous speech than appears, with a severe loss in 90%
of children. The child can become completely mute.
The language disorder is often characterized by
remissions and exacerbations.10 After a variable
time of a few months to different years the aphasia
stabilizes and usually improves before adulthood.
Behavioral disturbances are common (50—70%),
especially at the onset of the disorder. The dete-
rioration usually parallels the language deteriora-
tion and does not relate to intelligence. Behavioral
difficulties may relate to an acute anxiety of the
child with impaired capability of understanding
what is going on.2,5Pathophysiology
Epidemiological risk factors
Age of onset is a risk factor for two reasons: first,
having seizures at early age are a risk factor for
developing CSWS,28 and secondly, onset of CSWS or
LKS at young age is a risk factor for bad out-
come.29,30
CSWS often presents with partial seizures initially
diagnosed as BCECTS or Panayiotopoulos syn-
drome.28 The mean age of seizure onset in children
who developed CSWS later, is significantly lower
than in children with uncomplicated idiopathic par-
tial epilepsy (5.5 years versus 7.3 years).28 Also in a
large series of children with BCECTS, age of seizureonset in children who developed LKS or CSWS later,
was 3—5 years.31
Early onset and long duration of ESES in children
with CSWS is a major factor for poor prognosis of
cognition and behavior.24,32
Dulac et al.29 and Bishop30 were the first to
conclude that the prognosis of LKS is strongly
related to age of onset. The correlation between
age of onset of language regression and final lan-
guage outcome is higher than the correlation
between age of onset of epileptic seizures and
language outcome.30 Especially, the outcome is
often poor in children who developed language
regression before the age of 5 years. Duration of
ESES in children with LKS is also a major risk factor;
in several studies full recovery to normal language
function was confined to those in whom ESES lasted
less than 3 years.8,33
Genetic predispositions
A genetic predisposition called hereditary impair-
ment of brain maturation is recognized in children in
a wide group of partial epileptic syndromes includ-
ing BCECTS, CSWS, and LKS.34 Still there is no
evidence to suggest that CSWS or LKS is genetically
determined.35 In literature, more than 300 cases of
LKS have been described.18 Only two sets of siblings
with LKS have been reported.16,36 Besides, mono-
zygotic twins have been described; one boy devel-
oped LKS, the other did not.37 These findings provide
strong support for an environmental trigger in LKS. A
pair of monozygotic twins both suffering from CSWS
have been reported,38 but no other reports on
genetic factors in CSWS have been published.
Number and localization of seizures
No clear evidence on the influence of seizures on the
cognitive functions in CSWS is found. The epileptic
seizures in CSWS and LKS are considered to be
benign and self-limited. Also, in LKS, the frequency
and type of seizures seems to have no influence on
the prognosis of cognition and language develop-
ment.7 Besides, 20—30% of children with LKS do
show language regression without ever having sei-
zures.2EEG/MEG findings
Two main issues have been addressed in many arti-
cles: the mechanism generating ESES and the
mechanism responsible for SW-related cognitive
and behavioral derangements.
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et al. analysed EEG characteristics of seven children
with nocturnal, partial seizures who developed LKS
later and six children with uncomplicated BCECTS.
Three criteria predictive for LKS were noted: (1)
unilateral slow wave foci; (2) bilateral independent
SW discharges; (3) major activation of SW discharges
during sleep, exceeding 40% of the first sleep cycle
and 30% of the following cycles. Those EEG criteria
were never recorded in children with uncomplicated
BCECTS.39
ESES may be the consequence of fast propagation
of potential fields within and between hemispheres,
originating from the focus found during wake. This
suggests a mechanism of secondary bisynchrony
where the initial focus triggers a cortico-cortical
or cortico-subcortico-cortical loop.40 In children
with CSWS, LKS and BCECTS, activation of SW activ-
ity is strongly related to the occurrence of sleep
spindles in non-REM sleep.41 In adults, SW activation
is related to slow wave activity and not to spindles.
Spindles are caused by oscillations of thalamocor-
tical neurons and might develop into paroxysmal
synchronization. Neural mechanisms involved in
the generation of sleep spindles facilitate SW
production. This is an age-related mechanism
shared by LKS, CSWS, BCECTS, and other childhood
epilepsies.41,42 In experimental studies in cats with
bilateral thalamic lesions, stimulation of the supra-
sylvian cortex leads to bilateral synchronize SW
activity that lasts for many minutes. No difference
in seizure generation after cortical stimulation was
noted between normal cats and cats with unilateral
thalamic lesions.43 As is discussed later, it is possible
that different anti-epileptic drugs are able to aug-
ment the tendency to bilateral synchrony.
A lot of EEG studies have shown that epileptic
discharges start from one predominant focus in
children with CSWS. The localization of the inter-
ictal focus seems to be one of the key factors in
determining the degree and type of cognitive
impairment.2,44 Frontal EEG abnormalities may be
superimposed on ESES suggesting an underlying
frontal primary focus. An acquired frontal syndrome
as long-term outcome has been described in some of
these children.45,46
In children with LKS a unilateral temporal focus is
seen on EEG recordings during wakefulness. During
sleep, the SWs increase in frequency, becomes bilat-
eral and can evolve into ESES. Bilateral cortical
dysfunction seems to be necessary for the occur-
rence of aphasia.47—50 Amplitude EEG mapping in
patients with ESES or LKS also have shown that the
diffuse appearing paroxysmal activities mostly have
a focal origin, frontal or temporal.40,50 Two tests
have been used to distinguish the epileptic focusfrom its secondary contralateral focus. Morrell44
used amobarbital to suppress unilateral SW dis-
charges. In case of a left-sided focus, left-sided
intra-carotid injection suppresses SW discharges
on both sides. Right-sided injection suppresses SW
discharges only on the right side while the left-sided
activity is still active, suggesting a leading focus on
the left side. In the methoexital suppression test, a
short acting barbiturate is given intravenously that
suppresses SWactivity on both sides. At one side the
epileptic activity reappears first; this is considered
the site of the active focus.
EEG discharges and cognitive functions fluctuate
parallel in time in patients with ESES and LKS. A
causal effect is supported by the significant
improvement in neuropsychological functions after
suppression of the interictal epileptic activity by
medication or surgical treatment. The recurrence of
electrical abnormality, by example after tapering of
steroid medication, is often shortly followed by
return of the aphasia.2,44 Massa mentioned that
EEG and language disturbances develop together
in patients with LKS, but she did not find a strict
temporal correlation.39
Magnetoencephalography (MEG) has been
reported in presurgical localization of the epileptic
focus.51,52 Epileptic activity is generated in the
intrasylvian or perisylvian, temporal cortex, in some
children one-sided with fast spreading to the con-
tralateral cortex, and in others independent left-
and right-sided activity.51,52 However, no MEG-stu-
dies on the pathogenesis of CSWS or LKS have been
published.Anti-epileptic drugs
There is evidence that carbamazepine, phenytoin
and phenobarbital can precipitate CSWS in some
children. In BCECTS, treatment with carbamazepine
or phenobarbital can result in CSWS.53 In children
with BCECTS, those with SW are at risk for drug-
induced worsening; those with only rolandic spikes
are not.54 However, drug-induced aggravation in
BCECTS happens only rarely.55 Also in benign partial
epilepsy, carbamazepine has been reported to
induce CSWS. Both carbamazepine and phenytoin
can lead to an aggravating of epileptic seizures or
even ESES in children with LKS.53
Neuroradiological findings
By definition, neuroradiological studies in children
with LKS are negative, because of the fact that the
diagnosis of LKS requires the absence of a demon-
strable brain lesion.2,3 Recently, MRI volumetric
254 L. Nieuwenhuis, J. Nicolaistudies were described in four children with LKS.56
Compared to controls, volume reduction in the
superior temporal areas was noted, especially in
the planum temporale and superior temporal gyrus.
MRI’s were made after a mean interval of 2 years
after LKS had started. Because of this time-interval,
it is impossible to judge whether the volume-loss is
the result of a pre-existent dysgenesis or the result
of neuronal loss due to the disorder.56
In CSWS, neuroradiological abnormalities; unilat-
eral or diffuse atrophy, porencephaly, pachygyria,
cortical development disorders, perisylvian polymi-
crogyria, or hydrocephalus, are noted in 33—50% of
children with CSWS.2,3,5 Guzzetta et al.57 reported
that children with thalamic injuries due to ischemic
or hemorrhagic prenatal or perinatal lesions are
especially at risk for developing CSWS. In their series
of 32 children with thalamic lesions, 12 children
developed typical or atypical CSWS.57PET
The first PET study in children with LKS was per-
formed in 1990 by Maquet et al.58 The authors
studied the cerebral glucose utilization during sleep
in three patients with LKS. In all the children the
cerebral glucose metabolism was disturbed,
abnormalities were predominantly seen in the tem-
poral lobes.
These findings were confirmed in different other
PETstudies.59—62 In these studies the cerebral meta-
bolic pattern varied from one patient to another and
varied in the same patient over time. Different
areas of hyper- and hypometabolism were found.
In the second publication by Maquet et al.59 three
consistent characteristics were found: (1) a focal or
regional dysfunction of the cortex; (2) a predomi-
nant involvement of the associative cortices; and (3)
metabolic stigmata of an immature brain character-
ized by a relative higher metabolism in the cortex
compared to the subcortical structures. During the
active phase of the disease, a regional increase in
glucose utilization during sleep and wakefulness was
noted, consistent with the predominant location of
the EEG abnormalities.59—61 In a part of the patients
in the study of De Tie`ge et al.61 no areas of sig-
nificant hypermetabolism were found. During the
recovery phase of the epileptic encephalopathy, a
regional decrease in glucose metabolism was seen,
both during sleep and wakefulness. The location of
this region correlated well with the area of hyper-
metabolism during the active phase. There is con-
flicting evidence whether the location and
spreading of glucose metabolism disturbances, cor-
relates with neuropsychological findings.59,61Transient cognitive impairment & evoked
potentials
Transient cognitive impairment (TCI) is an episode of
cognitive impairment occurring exclusively during
an episode with electroencephalographic epilepti-
form discharges and without any other clinical
sign.63 No studies on transient cognitive impairment
in children with LKS or CSWS have been reported.
However, Seri et al.64 performed a nice experiment
in children with LKS in order to measure transient,
spike-related cerebral dysfunction. The authors
measured the latency and amplitude of the brain-
stem auditory evoked potential (BAEP). An auditory
stimulus was given 4 s after a registered spike or
during a spike-free period. The cortical N1 peak was
used for measuring BAEP latency. N1 latency was
significantly longer for left-sided spikes compared to
right-sided spikes and N1 latency for right-sided
spikes was significantly longer than for non-trig-
gered spikes. This experiment shows that also in
case of the Landau—Kleffner syndrome, interictal
epileptiform activity is able to induce a transient
impairment in processing auditory information,
similar to the phenomena of the transient cognitive
impairment.
Wioland et al.65 tested five children with LKS who
completely recovered from epileptic manifestations
and showed persistent one-ear extinction on dicho-
tic listening. In dichotic listening two different
acoustic signals are applied simultaneously to the
left and to the right ear.66 If the child only notes
the left-sided signal, this is called right-sided
extinction. It is the ear contralateral to the former
epileptic focus that shows this extinction-phenom-
enon.66 It was showed that the amplitude of the N1c
peak (arising from the associative auditory areas)
was strongly reduced on the side of the former
epileptic focus, in children with LKS who completely
recovered from epileptic manifestations.65
In children with CSWS without language deficits,
both BAEP latency and amplitude are normal.67 Not
only cortical dysfunctions can be detected by using
evoked potentials; by using MEG, Patau noted that
sounds can trigger cortical spikes in LKS patients
that are identical to the spontaneous spikes.68Autoimmunity
A transient clinical and electroencephalographic
response to treatment with intravenous immunoglo-
bulin has been described in several case-reports.
Mikati et al.69 treated five consecutive children
suffering from LKS with immunoglobulin. In two
children improvement was remarkable, three chil-
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with steroids is claimed successful.70 There are
some reports indicating that before immunoglobulin
treatment is started, cerebrospinal fluid IgG index
can be elevated in children with LKS, indicating
intrathecal synthesis of IgG antibodies.69 But CSF
examination does not show signs of central nervous
system infection47 and in a report on two LKS
patients who were treated surgically, Cole et al.71
did not find signs of an encephalitis.
Because of the unexplained improvement with
immune modulating treatment, some research
groups have been looking for autoantibodies direc-
ted to brain tissue. Connolly et al.72 found IgG anti-
brain antibodies in 5 of 11 (45%) of children with
Landau Kleffner syndrome variant compared to 2% in
controls.
Recently, the same group published that IgM
autoantibodies directed to brain endothelial cells
are increased in children with LKS compared to
controls.73 However, the same autoantibodies were
also increased in children with autism, childhood
disintegrative disorder and epilepsy. Boscolo et al.74
found autoantibodies directed against rat brain
auditory cortex, brainstem and cerebellum in chil-
dren with Landau Kleffner syndrome or LKS-variant.Subpial transection
Most of the cortical neuronal connections lie in the
vertically oriented column, perpendicular to the
cortical surface. To generate epileptic seizures a
critical volume of neurons having side-to-side or
horizontal linkages is necessary. Subpial intracorti-
cal transection is a surgical approach that selec-
tively interrupts the intracortical horizontal
neurons with minimal damage of the vertically
aligned neurons. This surgery technique is used to
eliminate the capacity of the (unresectable) cortex
to prevent cortical spreading of epileptic activity
and evolution into seizures with minimal damage to
its normal cortical physiological function. Morrell
et al.33 published the results of 14 children with LKS
treated by subpial transection of the epileptogenic
cortex. All the patients had been without effective
speech for at least 2 years. Fifty percent recovered
age-appropriate speech, 29% showed marked
improvement. It is intriguing that several weeks
after operation, some children can speak words
after they had been mute for years.
Also Sawhney et al.75 and Grote et al.76 published
the very good results of subpial transection on the
recovery of language. Recovery of language comes
gradually.76 As already mentioned before, the prog-
noses of language recovery depends mainly on age ofonset and duration of symptoms. Grote et al.76 did
not find any relation between recovery and age of
onset.Discussion
Two main issues have been addressed in many arti-
cles: (1) the mechanism generating ESES and (2) the
mechanism responsible for cognitive and behavioral
derangement.
Just like BCECTS, CSWS and LKS are age-limited
disorders. SWdischarges always disappear before the
end of adolescence, suggesting that BCECTS, LKS,
and CSWS can only occur during brainmaturation. On
the basis of these findings the concept of hereditary
impairment of brainmaturation has been formulated
by Doose.34 This hypothesis is also supported by PET
studies that showed increased cortical metabolism in
children with CSWS and LKS; a sign of immaturity of
the brain.4,59 Some anti-epileptic drugs that are
known to increase synchronization like carbamaze-
pine, phenobarbital, and phenytoin can trigger CSWS
in children with idiopathic partial epilepsy, however
this complication is considered to be rare.55 Struc-
tural brain pathology is found in 33—50% of children
withCSWS.Especially, childrenwith thalamic injuries
are at risk to develop CSWS. On the contrary, struc-
tural brain pathology is, by definition, not found in
LKS. Probably, anti-brain autoantibodies do play a
role in triggering epileptiform activity in LKS.
Activation of SW activity during non-REM sleep in
children and adults with epilepsy is a well-known
phenomenon. In children with CSWS, LKS and
BCECTS, activation of SW activity is strongly related
to the occurrence of sleep spindles in non-REM
sleep.41 In adults, SW activation is related to slow
wave activity and not to spindles. Spindles are
caused by oscillations of thalamocortical neurons
and might develop into paroxysmal synchronization.
Neural mechanisms involved in the generation of
sleep spindles facilitate SW production. This is an
age-related mechanism shared by LKS, CSWS,
BCECTS, and other childhood epilepsies.41,42
In their original article, Landau and Kleffner16
already hypothesized a relationbetween the severity
of electroencephalographic paroxysmal discharges
and the severity of the language disturbances. Also
Patry et al.21 suspected a causal relationship
between the occurrence of ESES and the appearance
ofmentaldeterioration,andpsychiatric disturbances
in the first description of CSWS.
The mechanism responsible for cognitive and
behavioral deficits in CSWS and LKS is possibly the
same.6,9,44,47 Age of onset, type of seizures, EEG
features, results from PET studies, long-term prog-
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same. Furthermore, evolution from LKS to CSWS has
been described in longitudinal clinical-EEG stu-
dies,26 although some symptoms are specific for
LKS or CSWS. For example, REM sleep activation is
only seen in LKS and not in CSWS, and atonic seizures
only occur in children with CSWS and not in LKS.2
Both disorders start when the cerebral neuronal
synaps formation (synapogenesis) is being estab-
lished. During the synaptogenesis there is abundant
axonal sprouting resulting in a doubling of the num-
ber of axonal processes and synaptic contacts. Per-
sistent epileptic activity can strengthen synaptic
contacts that normally would be pruned. In ESES,
the most prominent epileptic activity appears to be
in the frontal area and the prefrontal cortex.9
Bilateral involvement of the temporoparietal cortex
is obligate in LKS in order to prevent the transfer of
language-function to the contralateral cortex.44
Since the description by Patry et al.21, the defini-
tion of ESES is based on the SW density of more than
85% during slow wave sleep. The proportion of 85%
was set as an assumption, not as the result of
statistics.22 It has been shown that continuous
spike-waves during less than 85% of slow-wave sleep
leads to similar deficits as noted in CSWS. There is
little doubt that continuous spike-wave during slow-
wave sleep poses a risk to brain function and that
improvement of the EEG pattern (with or without
treatment) may lead to improvement of language
function and social development.
Several PET studies demonstrate that in LKS
both temporal lobes are involved. The lateraliza-
tion of the predominant metabolic abnormalities is
related to the side of the main EEG disturbances.
The differences in metabolic pattern, hypermeta-
bolism or hypometabolism, can be related to the
different stages of the disorder.58 The primary
sensory and primary motor cortex are preserved.
The associative auditory cortexes are mainly
involved.59 Most of the patients experience a focal
hypermetabolism at night during the active phase
of the disease. The focal hypermetabolism can
persist during the day in some children, but in
many children focal hypometabolism is noted dur-
ing the day. Focal hypometabolism can persist
after ESES has disappeared.59
Recovery from LKS and CSWS without neurologi-
cal, language, neurophysiological, and behavioral
deficits is possible spontaneously and after treat-
ment with anti-epileptic drugs, steroids, IgG or
subpial transection. Prognosis of recovery of lan-
guage function is poor after a long duration of ESES
(more than 3 years); diminished volume of the
temporal lobes indicating neuronal loss with MRI
volumetric studies; and long-lasting focal areas ofhypometabolism, all indicate persistent dysfunction
of the cortex involved.
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